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Background: Bypass procedures have been the mainstay of treatment of extensive external iliac and superficial femoral
artery (SFA) occlusive disease, particularly total occlusions. Since the early 1990s, reports from Europe have espoused the
virtues of endarterectomy of the superficial femoral and iliac arteries from a small groin incision, but adoption in the
United States has been limited. Over the past 4 years, we have explored the technical challenges and durability of this
procedure and report our findings.
Methods: Remote endarterectomy from an inguinal incision was the primary treatment option for all patients considered
surgical candidates for vascular reconstruction of the external iliac and superficial femoral arteries. All data were entered
into an outcomes database prospectively and reviewed retrospectively. After the procedure, duplex ultrasound surveil-
lance was performed quarterly the first year and semi-annually thereafter.
Results: Remote endarterectomy was the planned procedure in 133 patients. The mean age was 68 years, 68% were men,
and 31%were diabetic. The indications for the procedure were claudication in 57% and limb salvage in 43%. In 16 patients
(12%), technical issues precluded the completion of the remote endarterectomy and a bypass was performed. Successful
retrograde iliac endarterectomy was performed in 7 patients, SFA endarterectomy in 105 patients, and combined
retrograde iliac and antegrade SFA in 5 patients. The average duration of the procedure was 162 minutes  69 minutes
(SD). Half of the patients were discharged on the first postoperative day, and the average length of stay was 2.52 days. The
mean follow-up was 19 months, with a primary patency of 70% at 30 months by life-table analysis. Limb salvage was 94%.
Conclusions: Remote endarterectomy is a viable and durable alternative to standard bypass procedures. It has equivalent
patency to published results of bypass or endovascular procedures of the external iliac and superficial femoral arteries and
may soon replace bypass as the preferred procedure for long-segment occlusions of these vessels. ( J Vasc Surg 2006;43:
320-6.)The traditional approach to the treatment of infraingui-
nal peripheral arterial occlusive disease has been medical
management of patients with intermittent claudication and
bypass procedures for those patients with extensive occlu-
sive disease and limb-threatening ischemia. Although re-
sults with bypass using autogenous conduits have been
acceptable, the patency rates and morbidity of the proce-
dure, even when the distal anastomosis is to the above-knee
popliteal artery, are substantial and possibly prohibitive for
broad application to patients with claudication.1,2
Patency rates of above-knee bypass with synthetic grafts
have been less acceptable, and thrombosis of such grafts
often leads to acutely threatened limbs.3 Endovascular
techniques are rapidly evolving, yet are less likely to be
applicable to those patients with long, total occlusions of
the superficial femoral artery (SFA). Since the early 1990s,
reports from Europe have espoused the virtues of remote
endarterectomy of the superficial femoral and external iliac
arteries from a small groin incision in patients with exten-
sive disease.4-8 Despite encouraging early patency data, the
adoption of this technique in the United States has been
limited. The proposed advantages include decreased mor-
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320bidity, shorter hospital stays, preservation of bypass op-
tions, and decreased incidence of limb-threatening isch-
emia when a remote endarterectomy fails. If remote
endarterectomy can be proven to be durable and less mor-
bid, this less invasive therapy may allow us to be more
aggressive in claudication patients who have total occlusion
of the SFA. Over the past 4 years, we have explored the
technical challenges and durability of remote endarterec-
tomy of the superficial femoral and external iliac arteries
and report our findings.
METHODS
All data for patients undergoing remote endarterec-
tomy at Anne Arundel Medical Center over a 4-year period
from September 2000 to September 2004 were compiled
prospectively into an outcomes database (OTIS, BioMedix,
Inc, St. Paul, Minn) and reviewed retrospectively. Remote
endarterectomy from an inguinal incision was the primary
treatment option for all patients considered surgical candi-
dates for vascular reconstruction of long (10 cm), total
occlusions of the external iliac and superficial femoral arter-
ies. Alternative percutaneous techniques, including subin-
timal angioplasty, laser atherectomy, and balloon angio-
plasty with stents, were used in the treatment of focal
occlusions or long-segment stenosis.
All patients underwent preoperative diagnostic angiog-
raphy to determine the location and extent of disease. All
patients were prescribed aspirin and Plavix (Bristol-Myers
Squibb, Princeton, NJ) and continued on this regimen for
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surveillance was performed quarterly the first year and
semi-annually thereafter.
Recurrent stenosis was defined as moderate if the adja-
cent segment velocity ratio was 2 and severe if the ratio
was 3. Morbidity and secondary interventions were
noted. Significant recurrent stenosis was treated with per-
cutaneous angioplasty and stenting when feasible. SFA
primary patency rates were determined from the date of
surgery to the date of the most recent follow-up or date of
thrombosis or need for secondary intervention. Kaplan-
Meier life-table analysis was used to determine primary,
assisted-primary and secondary SFA patency rate as defined
by the Society of Vascular Surgery/International Society of
Cardiovascular Surgery criteria. Long-term iliac patency
rates were not calculated due to the limited numbers of
isolated iliac artery remote endarterectomy cases.
Operative procedure. Remote endarterectomy of the
iliac and superficial femoral arteries is performed through a
small longitudinal or oblique inguinal incision. The com-
mon femoral, superficial, and profunda femoris arteries are
exposed and controlled. The patient then receives systemic
anticoagulation with heparin.
Superficial femoral artery remote endarterectomy.
A 21-gauge butterfly needle is inserted retrograde from the
occluded SFA into the common femoral artery, and an
arteriogram is performed to identify endpoints for the
endarterectomy (Fig 1). The SFA is occluded proximally,
and perfusion is maintained via the profunda femoris artery
while the initial portion of the procedure is performed. A
longitudinal arteriotomy is made in the SFA, and a Penfield
dissector (Codman and Shurtleff, Rayham,Mass) is used to
create a deep medial plane circumferentially between the
arterial wall and the atherosclerotic plaque. This is extended
distally for approximately 2 to 4 cm to begin the remote
endarterectomy. Then the core is transected proximally,
and the appropriate-sized Vollmar stripper (Aesculap, San
Jose, Calif) is inserted over the core into the SFA and
advanced down the SFA under fluoroscopic guidance to
the predetermined end point. This may also be accom-
plished by using four passes of the Martin dissector (Vas-
cular Architects, San Jose, Calif) along the plane created at
the origin of the SFA.
Once the core is separated from the wall, the stripper or
dissector is removed and the appropriately sized MollRing
Cutter (Vascular Architects) is advanced over the core in
the SFA to the end point. The plaque is transected at that
point, and the device and core are removed together with
retraction of the proximal end of the core. Irrigation with
heparinized saline along the endarterectomy plane facili-
tates removal of the core.
After the core is removed, an arteriogram is performed
to confirm completion of the endarterectomy and define
the end point. An 8F sheath is inserted and a straight
glidewire is advanced through the end point, establishing
access to the distal vessels. There is typically a shelf at the
end point of the transection, making this procedure some-
times challenging. If advancement of the glidewire cannotbe achieved easily, using the MollRing Cutter to recut the
end point may provide a cleaner plane and allow the glide-
wire to cross the distal end point. A microsheath may also
be used to access the popliteal artery, allowing guidewire
access retrograde.
Once access is gained to the distal true lumen, balloon
angioplasty is performed, and a stent is deployed across the
end point, tacking down any end point plaque or shelf.
Upon completion of the SFA endarterectomy, the proximal
common femoral and profunda femoris artery are con-
trolled and the SFA arteriotomy is extended up into the
common femoral artery. Endarterectomy of the common
femoral or profunda arteries is performed if indicated, and
the arteriotomy is closed with a patch (we use bovine
pericardium). Flow is then re-established to the SFA, and a
completion arteriogram is performed to ensure there are no
flaps or significant medial defects that can sometimes only
be seen with normal arterial flow (Fig 2). The incision is
then closed in a standard manner.
External iliac artery remote endarterectomy. Intra-
operative arteriography from the contralateral groin is es-
sential for safe and successful retrograde remote endarter-
ectomy for total occlusions of the external iliac artery. A 4F
sheath is used to place a flush or pigtail catheter at the aortic
bifurcation. A pelvic arteriogram is performed, and the end
point of the occlusion is identified. On the affected side, a
vascular loop is placed around the proximal common fem-
oral artery at the inguinal ligament, and the superficial
femoral and profunda femoris arteries are controlled. A
longitudinal arteriotomy is performed in the common fem-
oral artery. The Penfield dissector is used to create an
endarterectomy plane and extend it proximally up the
external iliac. The retrograde endarterectomy is then per-
formed in a manner similar to the procedure described for
the SFA. Once the core is removed, a stent is again de-
ployed across the end point and the arteriotomy is closed
with a patch.
RESULTS
Remote endarterectomy was the planned procedure in
133 patients. Thirteen patients had bilateral procedures.
Themean age was 68 years (range, 42 to 92 years), and 68%
were men. The risk-factor distribution was hypertension,
41%; smoking, 35%; hyperlipidemia, 34%, and diabetes
mellitus, 31%. The indications for the procedure were
claudication in 57% and limb salvage in 43%. Initial techni-
cal success was achieved in 117 patients (88%). In 16
patients (12%), technical issues precluded the completion
of the remote endarterectomy and a bypass was performed.
SFA perforation that could not be managed with endovas-
cular techniques occurred in 10 patients (9.5%), incom-
plete core extraction in 4 patients (3.8%), a distal end point
that could not be crossed in 1 patient, and SFA avulsion in
1 patient. The mean ankle-brachial index increased from
0.58 to 0.84.
Successful retrograde iliac endarterectomy was per-
formed in 7 patients, antegrade SFA endarterectomy in 105
patients, and combined retrograde iliac and antegrade SFA
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26 cm for the SFA lesions and 12 cm for the iliac cases. A
stent was deployed in 88%, for a total of 158 stents de-
ployed. The distribution of stents is summarized in Table I.
The average duration of the procedure was 162  69
minutes (SD). The average length of stay was 2.52 days,
with 53% of the patients discharged on the first postopera-
tive day and 74% discharged by the second postoperative
day. Hospital charges averaged $16,136 (Table III).
Early complications included two arterial thromboses
in the area of treatment within the first 24 hours, one groin
infection with false aneurysm formation, and three seromas
with transient lymph leak. The two patients that had acute
arterial thrombosis were both salvaged with surgical embo-
lectomy, intraoperative lytic therapy, and further angio-
plasty and stenting. In both situations, we believe a missed
intimal flap in the endarterectomized segment led to the
acute failure. The false aneurysm was treated with resection
of the bovine pericardial patch and revision with saphenous
vein patch closure. The endarterectomy site remained
patent. The seromas were treated conservatively and re-
solved with time without further intervention or infection.
There were no perioperative deaths.
The mean follow-up was 19 months. Nine patients
were lost to follow-up during this period (8 SFA and 1
SFA/external iliac). Primary patency (SFA cases only) was
70% at 30 months by life-table analysis. Primary assisted
patency was 76%, and secondary patency was 80%. Results
were better in patients treated for claudication compared
with those patients undergoing remote endarterectomy for
limb salvage (Table II, Fig 3).
In 19 patients, late occlusions occurred in the SFA after
remote endarterectomy. One patient required urgent treat-
ment after late failure of SFA remote endarterectomy.
Table I. Stent distribution and location
Common iliac External iliac
aSpire 1 1
Smart 3 4
Genesis 5 2
Boston
Scientific wall 1
Graft
Dynalink
Total
9 7
Table II. Superficial femoral artery patency (30 month
life-table)
Overall Claudication Limb salvage
Primary 70% 75% 54%
Primary assisted 76% 83% 62%
Secondary 80% 86% 67%Attempts made to recross these occlusions were successfulin two patients. Bypass procedures were performed in 13
patients. The remaining four patients were left untreated
primarily because of the lack of significant claudication
symptoms or the limb was no longer threatened (ulcers
healed or rest pain improved).
No significant restenosis occurred after remote external
iliac endarterectomy. In contrast, significant restenosis was
found in 11 SFA cases (10%); all were successfully treated
with angioplasty, stenting, or both (Fig 4). Moderate re-
stenosis (50%) was seen in an additional 20 SFA cases
(17%). There was no pattern to the location of the resteno-
sis, as it occurred throughout the SFA as well as within
the distal stent. One patient developed two large false
aneurysms at the site of intraprocedural SFA perforations
(Fig 5). These were successfully treated with covered
stents percutaneously.
Seven patients required amputation in the follow-up
period. Limb salvage was the indication for the initial
operation in all, and the mean time to amputation was 18.3
months. The site of endarterectomy was the SFA in all
seven. Endarterectomy occlusion occurred in five, and the
endarterectomy remained patent in two. The indication for
amputation in both of these patients was distal small-vessel
disease. Secondary procedures were performed in three
patients, but limb salvage was still not possible. Two
angioplasty procedures with subsequent distal bypass
before amputation were done in one patient, a single
angioplasty attempt before amputation in another, and a
single distal bypass before amputation was performed in
the third patient. In the remaining, four no additional
procedures were deemed feasible because of extensive
tissue loss or lack of distal targets for bypass. Overall limb
salvage was 94%.
DISCUSSION
Remote endarterectomy with distal stenting offers the
vascular surgeon a potentially less-invasive alternative to
bypass surgery in patients with total long-segment superfi-
cial femoral or iliac artery occlusions. Motivation to pursue
remote endarterectomy includes marginal results of percu-
taneous therapies with long occlusions, morbidity of vein
bypass procedures, the acute limb-threatening effects of
failed expanded polytetrafluoroethylene (ePTFE) bypass
Above-knee popliteal At-knee popliteal Total
28 1 56
23 4 59
7
5 15
10 2 18
1 3
67 7 158SFA
25
25
9
6
2procedures, and a desire to preserve bypass options for the
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reported for large series of patients undergoing remote
endarterectomy to validate this as a feasible procedure for
these patients.
This report examines a single institution’s experience
with remote endarterectomy over a period of nearly 4 years.
Beginning in 2000, remote endarterectomy was the pre-
ferred technique for all patients requiring vascular recon-
struction for total occlusions of the external iliac artery or
SFA. No selection criteria were used to exclude any patient
with a long occlusion from remote endarterectomy; there-
fore, the technical success rate of 88% reflects taking on all
lesions despite vessel size or calcification. Although techni-
cally challenging, the procedure can be successfully per-
formed in almost all patients with total occlusions of the
SFA or external iliac artery. There was no operative mortal-
ity and minimal operative morbidity, proving the technical
safety of the procedure. Primary patency, primary assisted
patency, and secondary patency results at 30 months were
70%, 76%, and 80%, respectively, for SFA lesions by life-
table analysis. The iliac lesions fared even better, but the
numbers were small and therefore independent life tables
were not reported.
Most of the early studies of remote endarterectomy
have been reported out of a single center in The Nether-
lands. This team, led by Frans Moll, MD, reported their
Fig 3. Kaplan-Meir life table analysis for patients who underwent
successful SFA remote endarterectomy.
Table III. Cost analysis
Avg procedure
duration
(minutes  SD)
Avg
hospital
charge
Avg
LOS
(days)
Remote endarterectomy 162  69 $16,136 2.52
AK fem-pop bypass 173  74 $15,481 4.68
Aortic bypass
(includes AAA)
189  67 $24,479 8.12
LOS, Length of stay; AK, above-knee; AAA, abdominal aortic aneurysm.experience in a number of reports and led the way in thedevelopment of the technique for remote endarterectomy.
Results were encouraging, but recurrent stenosis rates at 2
years of 46% to 69% were reported.6,8-16 Improvements in
surgical technique and instrumentation have rekindled an
interest in this procedure in the United States, and recent
studies have demonstrated encouraging results with simi-
lar, if not improved, patency rates, although each have had
limited numbers of patients with only short- to medium-
term follow-up.11,17-21 In contrast, this study demon-
strates durability of remote endarterectomy in a larger
cohort of patients followed for a longer period of time.
Remote endarterectomy has a unique role in the treat-
ment of symptomatic SFA disease, filling the gap between
catheter-based therapy for short-segment SFA disease and
bypass surgery for more extensive disease. Remote endar-
terectomy is technically challenging, however, and the pro-
cedure has a significant learning curve. Additionally, excel-
Fig 4. Recurrent SFA stenosis, post-remote endartectomy.lent surgical and endovascular skills must be combined for
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not preclude successful remote endarterectomy, as persis-
tence and patience often result in successful extraction of
the core, and the perforation may be controlled with a
covered stent. However, further study will be necessary to
determine if patients experiencing perforation treated in
this manner have reduced patency over time.
Surgical instrumentation for dissection, core transac-
tion, core removal, and crossing the end point has im-
proved greatly in the last few years, reducing the number of
perforations, but continued improvement and innovation
will enhance the surgeon’s ability to achieve successful
remote endarterectomy in the difficult cases. Severe arterial
calcification poses the most significant challenge and was
the most common cause for aborting the endarterectomy
and converting to bypass in this study. This may be antici-
Fig 5. False aneurysm formation at site of SFA performations.pated preoperatively by obtaining standard radiographs ofthe leg to identify severe calcification often not noticed
during arteriography. Appropriate patient selection, partic-
ularly early in the learning curve, will enhance the success
rate of this procedure.
A variety of stents were used during this study period,
including several different types of tubular stent and the
aSpire (Vascular Architects) covered helical stent (Table I).
We believe the aSpire stent has some unique design features
that may enable it to better accommodate the many direc-
tional forces applied to the SFA at the adductor canal. As a
result, it was used most often during this study, particularly
most recently. As we accumulate larger numbers of patients
with various stent types, a more objective and scientifically
rigorous comparison can bemade to determine if there is an
optimal stent type.
Like all lower-extremity vascular procedures, vigilant
postoperative surveillance is mandatory to ensure the best
long-term success. Stenosis or occlusion of the treated
artery developed in 23% of the study patients during the
study period. Postoperative pharmacologic management was
limited to aspirin, clopidogrel, and, in some cases, cilostazol.
Certainly, any innovation that limits intimal hyperplasia,
whether systemic or delivered by a drug-eluting stent, would
be a significant advance. The durability of this procedure is
promising, however, and appears equal to published results
of ePTFE bypass of the SFA. Abbott et al,1 in a large
multicenter study, reported a 58% primary patency rate and
a 75% secondary patency rate for above-knee femoropopli-
teal bypass at 3 years.
Finally, one additional feature of remote endarterec-
tomy that is important and supported by this study is that
remote endarterectomy failures rarely result in acutely isch-
emic limbs. This is certainly different than what is reported
with ePTFE bypass failures. Jackson et al3 noted that 28%
of patients with failed ePTFE bypasses required urgent
revascularization. Only one patient in this study had to be
urgently treated after failure of a remote endarterectomy pro-
cedure. Even in sudden failed procedures, often-important
SFA collaterals that were reopened initially are seen to be
preserved so that it appears patients remain better than they
were in their preoperative state (Fig 3). This remains an
anecdotal observation, however, as we have yet to objec-
tively quantify this finding with scientific rigor.
This is one of the largest series of remote endarterec-
tomy patients with intermediate follow-up. Comparison
with femoropopliteal bypass remains inferred, however, as
this study does not offer a direct comparison in a random-
ized fashion. In addition, nine patients were lost to follow-
up, and this study represents a single center’s experience.
The results obtained in this trial are also the result of a great
deal of experience with remote endarterectomy and a com-
mitment to its success. It remains to be seen if those with
less experience with the procedure can repeat these results.
CONCLUSIONS
Remote endarterectomy is a viable and durable alterna-
tive to standard bypass procedures. It has equivalent or
superior patency to published results of bypass or endovas-
JOURNAL OF VASCULAR SURGERY
February 2006326 Martin et alcular procedures of the SFA and may soon replace bypass as
the preferred procedure for long segment occlusions of this
vessels (Fig 5).
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